Introduction
Prothymosin alpha and parathymosin are related peptides which were originally isolated from rat thymus (1,2; for review see 3). Despite their similarity in size and amino acid composition, rat prothymosin alpha and rat parathymosin show only limited sequence homology, primarily in the segment including residues 14-25, where 10 of 12 residues are identical in the two polypeptides (4). Prothymosin alpha is belimd to be the endogenous peptide from which thymosin alpha-1 is formed by proteolytic modification during the tissue extraction procedure (1) . Thymosin alpha-1 has attracted interest because of its reported ability to restore several immunological parameters in a variety of animal models (for review see 5,b). However, recent evidence suggests that prothymosin alpha is not a secreted peptide, because it is synthesized without formation of a larger precursor polypeptide containing a hydrophobic signal sequence (7) . Prothymosin distribution in many tissues appears to be incompatible with a function limited to the immune system (8) , and it has been suggested that prothymosin alpha and its derivatiw peptides act as xenobiotics in assays of the immune function (9) . A model in which prothymosin alpha participates in cell profiration is gaining support (9) .
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* To whom correspondence should be addressed. calited in the medulla; positive cells were reticuloepithelial cells from the thymic reticulum and the blood barrier. Thymocytes were negative. In spleen, parathymosin was found in reticular alls arranged in a ring between the periarteriolar lymphatic sheath and the marginal zone. Our results do not support an exclusive role for these peptides as immune system hormones or cytokines. Recently, it has been found that parathymosin and a zinc binding protein which inactivates phosphofructokinase-1 have an identical sequence (10). Therefore, the role of these polypeptides as immune peptides has been questioned. Prothymosin alpha and parathymosin are widely distributed in rat tissues (2) . Prothymosin alpha concentration in immune related tissues (i.e., thymus and spleen) is high, suggesting that prothymosin alpha is associated with lymphoid cells. However, the presence of prothymosin alpha in lymphoid cells is controversial. Biochemical evidence suggests that prothymosin alpha is present in lymphoid cells of the T-lineage (11, 12) . On the other hand, immunohistochemical reports suggest that thymosin alpha-1 is present in thymic epithelial cells (13J4). In this report, we present evidence based on the cellular distribution of prothymosin alpha and parathymosin which is consistent with previously published biochemical data.
Materials and Methods

Antibodies to Prothymosin Alpha
Polyclond antibodies to prothymosin alpha were made by injectingrabbits with synthetic thymosin alpha-1 (15) conjugated to keyhole limpet hemocyanin (Cdbiochem; LaJolla. CA) (16) . Serum IgG wzs purified using protein A-Sepharose (Pharmacia; Uppsda, Sweden) (17) . IgG fractions were used for all experiments reported here. The antibody used in our assay exhibited three times greater affinity. on a molar basis, for thymosin alpha-1 than ROSON, GARCIA-CABALLERO, HEIMER, FELM, DOMINGUEZ for bovine prothymosin alpha, as assessed by the ED50 obtained after carrying out displacement curves with different ranges of both peptides. [ '251]-Tyro thymosin alpha-1 was used as radioactive tracer.
Antibodies to Parathymosin
Polyclonal antibodies to parathymosin were a generous gift of Dr. Bernard L. Horecker. Neither thymosin alpha-1 nor prothymosin alpha shows significant crossreactivity with this antiserum. On the basis of competition experiments with peptide fragments derived from parathymosin, the major epitope appears to comprise a region in parathymosin including amino acid residues 26-32 (18) .
Immunohistochemical Staining
The cellular distribution of prothymosin alpha was eduated by immunohistochemical techniques in spleen and thymus obtained from young rats. Tissues were immersion-fixed in Bouin's fixative for 2 hr, dehydrated with a graded ethanol series, and embedded in paraffin. Sections 4 pm thick were immunostaincd using the streptavidin-biotin bridge technique (19) . Briefly, after blocking steps the sections were consecutively incubated in: Controls were done by either (a) replacing the immune antiserum by normal rabbit serum or (b) using the IgG fractions of anti-prothymosin alpha that were incubated with synthetic thymosin alpha-1 (100 pg/ml) at 4'C overnight. In both cases no immunoreactivity was seen.
Double Immunoenzymatic Staining
To prow the epithelial nature of panthymosin-positive cells. wc used a double immunoenzymatic staining procedure. 
Results
Localization of Prothymosin Alpha in Thymus
Prothymosin alpha was found both in the cortex and in the medulla (Figure la) . It is noteworthy that only lymphoid cells were stained and not reticuloepithelial cells (Figures 1b and 3a) .
Localization of Parathymosin in Thymus
The pattern of cellular distribution of parathymosin was different from the pattern found for prothymosin alpha (Figures la and 2a) . Parathymosin immunoreactivity was primarily found in the medulla. Positive cells were identified as reticuloepithelial cells. In the cortex, epithelial cells surrounding blood vessels were also immunostained (Figures 2a and 2b) . Positive cells exhibited immunoreactivity only in the cytoplasm. On the other hand, thymocytes were not stained (Figure 3b ). The epithelial lineage of positive cells was proved by double immunostaining using anti-cytokeratin ( Figure  4a ) and anti-parathymosin (Figure 4b ) antibodies.
Localization of Prothymosin Alpha in Spleen
Prothymosin alpha was mainly found in the white pulp, although scattered cells were also stained in the red pulp (Figure 5a ). In the white pulp, prothymosin alpha was present in lymphocytes of the periarteriolar lymphatic sheaths and, more intensely, in the whole population of lymphocytes of the germinal centers, an area containing proliferating B-lymphocytes ( Figure Sb) .
Localization of Parathymosin in Spleen
Parathymosin immunoreactivity was primarily located in reticular cells arranged in a ring between the periarteriolar lymphatic sheath and the marginal zone (Figure 6a ). The immunostaining was found in the cell cytoplasm (Figure 6b ). In the red pulp, the endothelial cells of the venous sinuses were also stained (Figure 6a ).
Discussion
The results reported here for thymus and spleen show that prothymosin alpha is localized in lymphocytes and parathymosin in reticular cells. It should be pointed out that the prothymosin alpha antiserum used in this report does not crossreact with parathymosin, since the pattern of cellular distribution of prothymosin alpha in thymus and spleen is clearly different from that found for parathymosin. On the basis of competition experiments, the IgG fraction of anti-prothymosin alpha reacts with bovine prothymosin alpha with three times less reactivity, on a molar basis, than with thymosin alpha-1 (see Materials and Methods). Moreover, we ran a 16,000 x g supernatant of thymus and spleen homogenates [prepared at room temperature in order to convert prothymosin alpha to thymosin alpha-1 (l)] in isoelectrofocusing gels; the gel was incubated with the IgG fractions of anti-prothymosin alpha, and we found that only one band was precipitated and that this -. band co-migrated with synthetic thymosin alpha-1 (data not shown). These results strongly support the concept that the IgG fraction of anti-prothymosin alpha recognizes prothymosin alpha with a great specificity.
Prothymosin alpha was found in lymphocytes in the thymus and spleen. The most prominent prothymosin alpha staining was found in the germinal centers of the spleen and the cortex of the thymus. The germinal centers, like the cortex, are composed of proliferating cells (20) . Prothymosin alpha mRNA is increased when cells are induced to proliferate (12) . Therefore, we believe that the increased staining seen in the germinal centers and in the thymic cortex correlates with the proliferating activity of their cells. On the other hand, structures with a lower proliferating activity were less stained (e.g., the medulla in the thymus and the periarteriolar lymphatic sheaths in the spleen). These results are in agreement with the hypothesis that prothymosin alpha plays a role during cell division. Previous immunohistochemical reports using antibodies raised to synthetic thymosin alpha-1 described the presence of thymosin alpha-1 reactivity in reticuloepithelial cells of the thymus but not in thymocytes (14, 21) . However, it should be noted that the actual biological form of thymosin alpha-1 is probably prothymosin alpha (1, 4, 7) . Antibodies raised against synthetic thymosin alpha-1 might react poorly (22) or even not recognize prothymosin alpha at all (23) . This can explain previously published immunohistochemical reports that did not find thymosin alpha-1 reactive cells in the spleen (14, 21) where (see below) the presence of prothymosin alpha is well documented.
Recently, thymosin alpha-1 immunoreactivity has been found in lymphocytes located in the germinal center of the white pulp in both spleen and lymphoid node (24) , in agreement with our findings. The pattern of cellular distribution found using a monoclonal antibody raised to synthetic thymosin alpha-1 (t 19 clone) (13) is similar to the pattern reported here for parathymosin and, in fact, we believe that t 19 antibody might be reacting with parathymosin instead of prothymosin alpha. Our interpretation is supported by different lines of evidence. First, the monoclonal antibody t 19 does not recognize isolated, purified prothymosin alpha "in vitro" (22) . This leads us to believe that this antibody also does not recognize prothymosin alpha in tissues. Moreover, t 19 recognizes an epitope located in the C-terminal region (residues 15-28) of synthetic thymosin alpha-1 (23) . As stated earlier, this region of thymosin alpha 1 has a great analogy with residues 14-25 of parathymosin, where 10 of 12 positions are identical in the two peptides (4). Not surprisingly, polyclonal antibodies raised against the C-terminal portion of thymosin alpha-1 (15-28) bound to parathymosin with a more than tenfold greater efficiency than to prothymosin alpha (25). Therefore, when antibodies raised against synthetic thymosin alpha-1 are used, possible crossreactivity with parathymosin must be considered. The ceLlular pattem of prothymosin alpha staining reported here is consistent with previously published biochemical data. (a) We found that the number of prothymosin alpha reactive cells was greater than the number of parathymosin-stained cells, in agreement with previous reports that prothymosin alpha concentrations in thymus and spleen are greater than the concentrations of parathymosin (2) . (b) We and 0 t h~~ (11) described the presence of prothymosin alpha in thymocytes. (c) Prothymosin alpha, as determined by reverse-phase HPLC (1). and prothymosin alpha mRNA were found in human and rat spleen (4,7); moreover, our finding of prothymosin alpha in lymphocytes agrees with a previous report that found prothymosin alpha mRNA in normal lymphocytes (12) .
Parathymosin staining is predominantly found in reticular cells of thymus and spleen. Endothelial cells of spleen venous sinuses showed parathymosin staining, in contrast to other thymus and spleen vessels that were not stained. Further studies are required to understand the functional significance of parathymosin cellular distribution.
